Objective: To evaluate the feasibility and safety of thoracoscopic lobectomy without endotracheal intubation. Summary Background Data: General anesthesia with single-lung ventilation is considered mandatory for thoracoscopic lobectomy for non-small cell lung cancer (NSCLC). Nonintubated thoracoscopic lobectomy has not been reported previously. Methods: From August 2009 through June 2010, some 30 consecutive patients with clinical stage I or II NSCLC were treated by nonintubated thoracoscopic lobectomy using epidural anesthesia, intrathoracic vagal blockade, and sedation. To evaluate the feasibility and safety of this novel technique, they were compared with a control group consisting of 30 consecutive patients with clinical stage I or II NSCLC who underwent thoracoscopic lobectomy using intubated general anesthesia from August 2008 through July 2009. Results: Collapse of the operative lung and inhibition of coughing were satisfactory in the nonintubated patients, induced by spontaneous breathing, and vagal blockade. Three patients in the nonintubated group required conversion to intubated-single lung ventilation because of persistent hypoxemia, poor epidural anesthesia pain control, and bleeding. One patient in each group was converted to thoracotomy because of bleeding. The 2 groups had comparable anesthesia durations, surgical durations, blood loss, and numbers of dissected lymph nodes. Patients who underwent nonintubated surgery had lower rates of sore throat (6.7% vs 40.0%, P = 0.002) and earlier resumption of oral intake (mean, 4.7 hours vs 18.8 hours, P < 0.001). Patients undergoing nonintubated surgery also had a trend toward better noncomplication rates (90% vs 66.7%, P = 0.057) and shorter postoperative hospital stays (mean, 5.9 days vs 7.1 days, P = 0.078). Conclusions: Nonintubated thoracoscopic lobectomy is technically feasible and is as safe as lobectomy performed with intubation in highly selected patients. It can be a valid alternative of single-lung-ventilated thoracoscopic surgery in managing early-stage NSCLC. (Ann Surg 2011;254:1038-1043 L ung cancer is the leading cause of cancer death in many countries. Surgery provides the best chance for cure and long-term survival in early-stage non-small cell lung cancer (NSCLC for managing early-stage NSCLC. In addition, it is supported by evidence-based treatment guidelines. [1] [2] [3] [4] [5] Since the introduction of the double-lumen endotracheal tube, intubated general anesthesia with one-lung ventilation has been considered mandatory in both open and thoracoscopic surgery. 6 However, adverse effects of intubated general anesthesia occur after the operation and they include intubation-related complications, ventilator-induced lung injury, impaired cardiac performance, and postoperative nausea and vomiting. [7] [8] [9] [10] To reduce the adverse effects of intubated general anesthesia, thoracoscopic surgery without endotracheal intubation has been recently employed for management of pneumothorax, 11-13 resection of pulmonary nodules, 14 resection of solitary metastases, 15 and performing lung volume reduction surgery. 16 The results achieved for these early surgeries are encouraging.
Since the introduction of the double-lumen endotracheal tube, intubated general anesthesia with one-lung ventilation has been considered mandatory in both open and thoracoscopic surgery. 6 However, adverse effects of intubated general anesthesia occur after the operation and they include intubation-related complications, ventilator-induced lung injury, impaired cardiac performance, and postoperative nausea and vomiting. [7] [8] [9] [10] To reduce the adverse effects of intubated general anesthesia, thoracoscopic surgery without endotracheal intubation has been recently employed for management of pneumothorax, [11] [12] [13] resection of pulmonary nodules, 14 resection of solitary metastases, 15 and performing lung volume reduction surgery. 16 The results achieved for these early surgeries are encouraging.
Although the feasibility of thoracoscopic surgery via nonintubated anesthesia was demonstrated in pleural and peripheral lung diseases, thoracoscopic major pulmonary resection such as lobectomy has rarely been performed via nonintubated anesthesia because of several concerns, including hypoxemia and hypercapnia induced by prolonged spontaneous one-lung breathing, uninhibited coughing induced by manipulation of the bronchial trees, and lung movement during surgical dissection. 7 These difficulties interfere with division of hilar vessels and bronchus during thoracoscopic lobectomy and cause dangerous complications, which may result in emergency conversion to tracheal intubation and thoracotomy.
Using combination of epidural anesthesia, intrathoracic vagal blockade, and appropriate sedation, we found that nonintubated thoracoscopic lobectomy is technically feasible although the safety and efficacy were unclear. In addition, comparison between nonintubated and intubated thoracoscopic lobectomy has never been performed. We hypothesized that nonintubated thoracoscopic lobectomy was associated with a prompt recovery of gastrointestinal function, fewer intubation-related complications, and better clinical outcomes. Thus, we conducted a retrospective study to compare the safety and shortterm results of thoracoscopic lobectomy using nonintubated anesthesia versus intubated general anesthesia for treatment of early-stage NSCLC.
PATIENTS AND METHODS

Study Design and Patients
We started our nonintubated thoracoscopic surgical program for diagnosis and treatment of lung cancer in August 2009. The thoracic surgical team, both surgeons and anesthesiologists, selected the cases upon review of the medical records. Patients considered appropriate for nonintubated thoracoscopic lobectomy met the same criteria as for intubated single-lung ventilation, including patients with clinical stage I or II peripheral NSCLC, tumors smaller than 6 cm in diameter, without evidence of chest wall, diaphragm, or main bronchus involvement. Patients with American Society of Anesthesiologists scores of greater than 3, bleeding disorders, sleep apnea, or unfavorable airway or spinal anatomy were excluded. Patient consent was obtained after explaining the type of anesthesia and the surgical procedure.
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From August 2009 through June 2010, nonintubated thoracoscopic surgeries were performed in 102 patients, including lobectomy, segmentectomy, and wedge resection. To evaluate the feasibility and safety of nonintubated thoracoscopic lobectomy, 30 consecutive patients with clinical stage I or II NSCLC treated using this novel technique were studied. The control group consisted of 30 consecutive NSCLC patients using the same inclusion/exclusion criteria who underwent thoracoscopic lobectomy with general anesthesia involving tracheal intubation and single-lung ventilation from August 2008 through July 2009. All surgeries were performed by a single thoracic surgical team using the same clinical protocols, care patterns, and perioperative orders. This study was reviewed and approved by the Research Ethics Committee of National Taiwan University Hospital.
Anesthesia in Nonintubated Patients
All patients were premedicated with 50 to 100 μg of fentanyl intravenously and were continuously monitored electrocardiographically, along with pulse oximetry, respiratory rate, blood pressure, body temperature, and urine output. Monitoring of central venous pressure was optional. Thoracic epidural anesthesia was performed by insertion of an epidural catheter at the T5/T6 thoracic interspace to achieve a sensory block between the T2 and T9 dermatomes and was maintained by continuous infusion of 2% lidocaine. End-tidal carbon dioxide (ETCO 2 ) was continuously monitored by insertion of a detector into 1 nostril. The patient was then asked to turn him-or herself into the lateral decubitus position. Sedation was then started by intravenous administration of propofol (10 mg/mL) using a targetcontrolled infusion method, with incremental fentanyl injection to maintain the patient in a mildly sedated but communicable and cooperative level (Ramsay sedation score III), responding to commands only. 17 During the procedure, patients breathed oxygen through a ventilation mask, keeping oxygen saturation above 90%. An iatrogenic pneumothorax was made by creating incisions through the chest wall for thoracoscopy and the ipsilateral lung collapsed gradually. To inhibit coughing during thoracoscopic manipulation, intrathoracic vagal blockade was produced by infiltration of 2 mL of 0.25% bupivacaine adjacent to the vagus nerve at the level of the lower trachea for right-sided operations ( Fig. 1) and at the level of the aortopulmonary FIGURE 1. Local infiltration of bupivacaine adjacent to the vagus nerve (arrow) to produce intrathoracic vagal blockade in patients with right-sided lung cancer. S indicates superior vena cava; T, trachea.
window for left-sided operations, under direct thoracoscopic vision. This procedure effectively inhibited the cough reflex for 3 or more hours and was mandatory, especially before anatomical dissection of the pulmonary hilum. Repeated bupivacaine infiltration was occasionally needed in prolonged operations. During the thoracoscopic procedure, the respiration rate was 12 to 20/min.
During wound closure and chest tube insertion, propofol infusion was stopped. After the patient was fully awake, the patient was asked to breathe deeply and cough to reexpand the collapsed lung. The epidural catheter was used for postoperative pain control during the following 72 hours.
Anesthesia in Intubated Patients
In intubated one-lung-ventilated patients, the anesthesia was monitored as for nonintubated patients. Anesthesia was induced by intravenous administration of thiopental (3-5 mg/kg), fentanyl (100 μg), and rocuronium (0.6 mg/kg) and was maintained by sevoflurane and rocuronium. A double-lumen endotracheal tube was inserted and the position was checked by bronchoscopy. When one-lung ventilation was started, the operative lung was deflated by disconnecting the ipsilateral tube of the double-lumen endotracheal tube. The dependent lung was ventilated with a tidal volume of 8 to10 mL/kg, a respiratory rate of 10 to 16 breaths per minute, and an inspiration-toexpiration ratio of 1:2 to maintain the arterial carbon dioxide tension at 35 to 45 mm Hg and ETCO 2 between 30 and 35 mm Hg. After the operation, the patients were extubated in the operating theater or remained intubated and were sent to the intensive care unit. The timing for extubation was determined by the anesthesiologist. A nasogastric tube was inserted for gastric decompression in patients with prolonged intubation or vomiting.
Technique of Thoracoscopic Lobectomy
After confirmation of malignancy by preoperative biopsy or intraoperative frozen section, all patients underwent complete anatomic lobectomy and mediastinal lymph node staging and dissection. Thoracoscopic lobectomy was performed using a 3-port method, as described by McKenna. 18 In brief, the patient was positioned in the full-lateral decubitus position, with slight flexion of the table at the level of the mid-chest. The thoracoscope was placed into the seventh or eighth intercostal space in the midaxillary line; a working port was placed in the sixth or seventh intercostal space in an ausculatory triangle, and an anterior, utility, 3-to 5-cm incision was placed anteriorly in the fifth intercostal space. After collapse of the lung, incomplete fissures, pulmonary vessels, and bronchi were divided with endoscopic stapling devices. The resected lung lobe was removed in an organ retrieval bag through the utility incision. After staging mediastinal lymph node dissection, the rough pleural surface of the lung was sutured using 4-0 prolene. In intubated patients, lungs were checked for air leaks by inflating the lungs. In the nonintubated patients, air leaks were not routinely checked after suturing. After the surgery, a 28-French chest tube was placed through the lowest incision. Rib spreading, rib cutting, and retractor use were avoided in all patients, except when conversion to thoracotomy was required. Conversion from nonintubated anesthesia to intubated general anesthesia or from thoracoscopic surgery to thoracotomy was decided by the attending surgeon and anesthesiologist. Conversion from nonintubated to intubated anesthesia was performed when epidural anesthesia was ineffective, hypoxemia persisted (SpO 2 < 80%), hemodynamic status was unstable, or intraoperative bleeding required thoracotomy. When conversion was indicated, the surgical wounds were sealed with transparent waterproof dressings (Tegaderm Film, 3M Health Care, Neuss, Germany) after insertion of a chest tube to reexpand the lung. A single lumen endotracheal tube was inserted under the guidance of a Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
bronchoscope, followed by insertion of a bronchial blocker without changing the patient's position.
Postoperative Analgesics and Care
In general, patients in both groups were managed postoperatively according to the same protocol. Postoperative analgesics included continuous epidural infusion of bupivacaine (0.5 mg/mL) and fentanyl (1.25 μg/mL) for 3 days under patient control in the nonintubated group and continuous intravenous 0.1% morphine for 1 to 3 days in the intubated group. Additional analgesics also included oral nonsteroidal analgesics and acetaminophen. Chest radiography was performed immediately postoperation or the next morning. Drinking and meal intake were resumed 2 to 4 hours after surgery in the nonintubated group and 2 to 4 hours after extubation in the intubated group. The chest tube was removed in both groups if no air leak was present and drainage was less than 200 mL in a 24-hour period.
All complications after surgery were recorded. Patients were considered in atrial fibrillation if an episode lasted more than 5 minutes, with the use of antiarrhythmic agents. Prolonged air leaks were defined when air leaks last for longer than 5 days. Bleeding was defined as a complication when conversion to thoracotomy was required to control it. Pneumonia was defined as presence of fever, leukocytosis, chest radiography showing infiltrates, and requiring antibiotic treatment.
Outcome Variables and Data Analyses
The main outcome variables studied were rates of conversion, mortality, complications, and duration of postoperative hospital stay after intervention for each group. Secondary outcomes included durations of anesthesia and surgery, blood loss, duration of ventilator use, number of dissected lymph nodes, rates of vomiting, sore throat, and nasogastric tube insertion, time to start oral intake, and duration of chest drainage.
The data including patient demographics, durations of hospital stay and chest drainage, complications, and the surgical results were collected from the institutional database, anesthesia and surgical notes, and the medical and nursing records. The analysis was based on an intention-to-treat method; that is, nonintubated patients converted to intubated general anesthesia were grouped in the nonintubated group.
Continuous variables such as age and body weight were expressed as means ± standard deviations. The 2-sample t test was used for the statistical analysis. Categorical variables such as sex and smoking status are presented as frequencies (%), and Fisher exact test was used for the analysis. All data analyses were conducted using SPSS release 15 (SPSS Inc., Chicago, IL), and all statistical tests were 2-sided. Statistical significance was defined by P values less than 0.05 throughout the study. The demographic data and baseline characteristics are summarized in Table 1 . The 2 groups did not differ in age, sex, height, weight, body mass index, smoking status, tumor size, pulmonary function, tumor location, cancer cell type, and the American Society of Anesthesiologists classification. In the intubated group, collapse of the operative lung and inhibition of coughing were achieved by selective ventilation through double-lumen endotracheal tube and intravenous administration of muscle relaxants. In the nonintubated patients, collapse of the operative lung and view field of operation is also satisfactory after opening of the chest wall upon spontaneous breathing. Inhibition of coughing is effective after intrathoracic vagal blockade and the effects last for at least 3 hours.
RESULTS
From
The surgical and anesthesia results are shown in Table 2 . The 2 groups had comparable anesthesia durations, surgical durations, and global in-operating room durations. During the surgeries, the detectable mean lowest SpO 2 and peak ETCO 2 were not significantly different, although mild hypercapnia under nonintubated anesthesia was occasionally noted. Three patients in the nonintubated group required conversion to intubated-single lung ventilation because of persistent hypoxemia, poor epidural anesthesia pain control, and bleeding requiring thoracotomy. One patient in each group was converted from thoracoscopy to thoracotomy because of uncontrollable bleeding. In the nonintubated group, bleeding occurred in a patient with dense pleural adhesions and an incomplete fissure. In the intubated group, it occurred in a patient with dense hilar adhesions. Only 3 patients in the nonintubated group finally needed intubation and mechanical ventilation, and the duration of ventilator time was significantly shorter than that in the intubated group. Surgical blood loss was comparable in the 2 groups.
The postoperative results are shown in Table 3 . The 2 groups had comparable pathological stages and numbers of dissected lymph nodes. After surgery, patients in the nonintubated group had lower rates of sore throat (6.7% vs 40.0%, P = 0.002) and fewer patients needed nasogastric tube insertion (6.7% vs 53.3%, P < 0.001). These patients also started postoperative water drinking and meal intake earlier when compared with those who underwent general anesthesia requiring intubation (mean, 4.7 hours vs 18.8 hours, P < 0.001). Until the time of analysis, no mortality was noted in either of the 2 groups. Four complications developed in 3 patients (10%) in the nonintubated group, whereas 11 complications developed in 10 patients (33%) in the intubated group, including arrhythmia, prolonged air leaks, pneumonia, and bleeding requiring thoracotomy. Among these complications, arrhythmia-requiring medicine occurred in 5 patients in the intubated group but none in the nonintubated group (P = 0.052). Statistical analyses also showed that nonintubated patients had a trend toward better noncomplication rates (P = 0.057), shorter periods of postoperative chest drainage (P = 0.085), and shorter periods of postoperative hospital stay (P = 0.078).
DISCUSSION
The progress in lung separation technology and the introduction of the double-lumen endotracheal tube allow anesthesiologists to provide excellent exposure and quiet surgical fields in thoracic surgery. 19 Since the introduction of thoracoscopic surgery, intubated general anesthesia with one-lung ventilation has been considered mandatory. To avoid intubation-related or mechanical ventilationassociated complications, thoracoscopic surgery without endotracheal intubation has recently been tried in selected patients with pleural or peripheral lung diseases. In this study, we demonstrated that nonintubated thoracoscopic lobectomy is feasible and could be performed as safely as with intubated surgery. Our results also showed that patients undergoing nonintubated thoracoscopic lobectomy had fewer intubation-associated discomforts.
Some concerns might arise with the use of nonintubated epidural anesthesia for major pulmonary resection, especially for patients with compromised respiratory function. First, prolonged one-lung breathing during lobectomy could lead to hypoxia and hypercapnia in patients with already-compromised respiratory function. Second, epidural anesthesia-associated sympathetic blockade could lead to increased bronchial tone and airway hyperreactivity. Third, lung movement and inadequate lung collapse would make hilar dissection more difficult. Fourth, conversion to general anesthesia with intubation could be required occasionally. 7 To prevent respiratory failure, we selected patients with good cardiopulmonary reserve for this pilot study. Only one 81-year-old woman developed persistent hypoxia and was converted to intubated general anesthesia. In most of the nonintubated patients, SpO 2 was maintained at 90% or more during the whole operation. Hypercapnia was noted in some patients, especially when the surgery was long. Our experience showed that hypercapnia was permissive and did not affect the hemodynamics and surgical procedures. Nonetheless, patients with poor cardiopulmonary function should be carefully examined before attempting this procedure.
Increased bronchial tone and airway hyperreactivity during manipulation of the pulmonary hilum was a major obstacle when performing nonintubated lobectomy because the cough reflex induced by surgical manipulation of the lung and bronchial trees was not blocked by the epidural anesthesia and sedation. 7 Unexpected or intractable cough can interfere with division of the hilar vessels and bronchus during thoracoscopic lobectomy and cause dangerous complications, which may require emergency conversion to tracheal intubation and thoracotomy. Using simple intrathoracic vagal blockade, we found that the cough reflex could be effectively abolished, without affecting the heart rate, breathing rate, and blood pressure. We believe that this novel technique will further extend the indication of nonintubated thoracoscopic surgery to more extensive pulmonary resections.
One of the advantages of intubated one-lung ventilation in thoracoscopic lobectomy provides the surgeon with a quiet and wide-operating field. Dissections of incomplete fissures, pulmonary vessels, and bronchi were more technically demanding in nonintubated thoracoscopic lobectomy because of the lung movement during spontaneous breathing, which was significant, especially when the respiratory rate was more than 20 breaths per minute. Although increased sedation with permissive hypercapnia could decrease the breathing rate, the operator and assistants sometimes had to adjust the instruments and scope according to the rhythm of the breathing to make a precise dissection, just like beating heart coronary bypass surgery. Nonetheless, lung collapse was generally satisfactory and lung movement did not hamper surgical maneuvers, yielding comparative results for thoracotomy rate, operating time, blood loss, and number of dissected lymph nodes. Three patients (10%) in the nonintubated group required conversion to intubated-single lung ventilation because of persistent hypoxemia, poor epidural anesthesia, and bleeding from dividing pleural adhesions and incomplete fissure. To reexpand the lung for optimal oxygenation before intubation, the surgical wounds were sealed by transparent waterproof dressings after insertion of a chest tube. The intubation was then performed under fiberoptic guidance, without changing the position of the patient. Using this method, the conversion was safe and was accomplished within a few minutes.
In our cohort, two-thirds of the patients were women, with a mean body height of 156 cm. We believe that nonintubated thoracoscopic surgery is most applicable in small body-sized female patients. These patients are prone to have small tracheal caliber and are susceptible to intubation-related complications such as sore throat, hoarseness, and subglottic stenosis, especially when double-lumen endotracheal tubes are used. Using the nonintubated technique, we found that the rates of postoperative sore throat were significantly decreased. It is reasonable to suggest that the incidence of hoarseness and tracheal injury could also have been lower although they were not investigated in this study.
Most of our patients presented with an undetermined solitary pulmonary nodule when undergoing thoracoscopic surgery. A previous study showed that wedge resection of benign lung nodules can be performed by awake thoracoscopic surgery.
14 One of the major concerns of the awake technique is that when the frozen section shows malignancy, the procedure must be converted to intubated general anesthesia for subsequent lobectomy. Using our nonintubated technique, both the diagnosis of the pulmonary nodules and curative resection of the lung cancer can be performed under the same type of anesthesia. Our technique extends the indication of nonintubated anesthetic technique to a wider application. Although nonintubated thoracoscopic lobectomy could provide an attractive alternative in managing patients with lung diseases, before surgeons enthusiastically apply this technique, they should be cautious until judicious evaluation of the benefits and risks is complete (Table 4) . We suggest that proper patient selection, accumulated experience by performing minor nonintubated thoracoscopic procedures, and conversion to intubated general anesthesia without hesitation are mandatory to decrease the risk of emergency intubation and complications, especially at the beginning of the learning curve.
We acknowledge that this study was retrospective and the comparison was based on historical controls. The relatively better outcomes in the nonintubated group may be partially related to routine use of perioperative epidural anesthesia, the learning curve of thoracoscopic lobectomy, or uneven distribution of patients between treatment groups. Nevertheless, our initial experience shows that nonintubated thoracoscopic lobectomy can be performed safely and effectively in highly selected patients with early stage NSCLC.
CONCLUSION
Nonintubated thoracoscopic lobectomy is safe and technically feasible. Avoidance of intubation, mechanical ventilation, muscle relaxants, and routine use of perioperative epidural anesthesia in these patients was reflected in less intubation-associated discomfort, and immediate return to many daily life activities including drinking, eating, and walking. Nonintubated thoracoscopic lobectomy is a lessinvasive surgery than traditional thoracoscopy because of the combination of less-thoracic trauma and less-invasive anesthesia. Although the long-term outcome and oncological benefits remain unclear, we believe that it can be a valid alternative to single-lung ventilated thoracoscopic surgery in managing early-stage lung cancer.
